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PRESSURE DISTRIBUTION ON THE C-7 AIRSHIP

By J. W. Crowley, jr., and S. J. DeFrance

SUMMARY h

This investigation was made by the National Advisory Committee for Aeronauties at the
request of the Bureau of Aeronautics, Navy Department, for the purpose of determining the
aerodynamic pressure distribution encountered on & ‘C” class airship in flight. It was con-
ducted in two parts (@) tests on the tail surfaces in which the pressures at 201 points were meas-
ured and (b) tests on the envelope in which 190 points were used, both tests being made under as
nearly identicel flight conditions as possible, so that the results could be combined and the pres-
sure distribution over the entire airship obtained.

The method of testing consisted of measuring the pressures by means of orifices located at
the desired points connected to the tubes of a multiple liquid manometer. Simultaneous read-
ings of all the pressures were obtained by photographing the manometer.

The results as presented in this report are mainly in tabular form and may be very bneﬁy
summarized as follows:

(1) The maximum local pressure encountered on a tail surface was 7.3 1b./sq. ft.

(2) The maximum total normal force on & complete tail surface was 352 pounds or & Cur
of 0.316 occurring on the bottom fin and rudder during a ““reversal” of the rudder.

(8) Themaximum moment of the tail surface forces about the center of buoyancy was 37,260
Ib. ft.

(4) The investigation of the envelope pressures, while showing the general distribution of
pressure satisfactorily, is practically useless in the determination of total aerodynamic forces on
the airship.

(5) It is concluded that the pressures set up by a bump are larger than those obtained in

maneuvering.
INTRODUCTION

The available data concerning the aerodynamic forces experienced by an airship in flight are
very scarce. 'The British have made some pressure distribution measurements on the tail sur-
faces of the rigid airships, R—26 and R-32, but only comparatively few points were investigated,
and the results, consequently, are not at all complete. So far as is known, there has been no
previous complete investigation of pressures on an airship envelope in flight. About the time
that these tests were being carried out, an investigation was being made on the hull of the ZR-3
at Friedrichshafen, but the results have not been published. .

In these experiments, covering both the envelope and tail surfaces, pressures were recorded
at both high and low speeds for each control setting. The maneuvers were: Steady turns, steady
climbs and descents, starting of turns and climbs, reversals from left turn to right turn, rising
light, flying homzonta]ly while light, and flying through gusts. The airship was flown under all
of these conditions in order to meke sure that the maximum pressures encountered in normal
flight were obtained or exceeded.

METHODS AND APPARATUS

Apparatus.—Pressure pads of the type developed and calibrated in the United States
Navy Aerodynamical Laboratory (Reference 1, fig. 1) were cemented direcily opposite each
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other on the two sides of the tail surfaces at the
points indicated in Figure 2 and on the envelope
as shown in Figure 4. In securing the pressure
peds to the airship, the connecting tube (fig. 1)
‘was placed to the rear so as to eliminate the
influence of the tube on the air flow about the
orifice. Ths orifices were connected by rubber
and aluminum tubing to a multiple liquid ma-
nometer located in the control car. Each alu-
minum tube on the tail surfaces was laid next
to the fabric (fig. 3), so as to avoid bunching
of tubes, which would have caused a great
disturbance in the flow.
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The multiple liquid ma-
nometer (fig. 7) consisted of
224 glass tubes arranged in
fourgroups. Eachgroup con-
sisted of two reservoirs con-
nected by a brass header, out
of which projected 56 glass
tubes, each of which, save 4,
was connected to one of the
pressure orifices. ‘Three of the
other 4 were connected to an
air reservoir in the cockpit
and the fourth to the trailing static head (fig. 5). The line connecting the level of liquid in the
three tubes provided a datum line, in accordance with the roll of the zirship, from which pressures
could be measured, while that in the fourth tube gave the true static pressure outside of the
flow caused by the airship.

The four manometer units were mounted together in one box, and to obtain records (fig. 6)
the complete assembly was photographed by & specially designed camera (fig. 7). The camera
consisted of a light-tight box and & film container which was removeble in daylight. The
capacity of the container was a roll of film sufficient for 27 exposures, 6 inches by 6 inches,
The spool on which the exposed film was wound was turned by a handle, which in turn, by
means of a tripping device, operated the shutter once every revolution, thereby making the
record. At each operation of the shutter an electrical contact was made which caused a light
to flash and make a timing line on &ll records being made on drum type instruments. In this
investigation an N. A. C. A. recording air-speed meter (Reference 2) and a recording statoscope
and inclinometer were used, and by means of the timing lines all records were synchronized.

Fra. 5—Pltot-static head

Fi6. 6.—Manometer record
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Other instruments used in these tests were: rudder position indicator, low range precision
eltimeter, yaw indicator, stop watch, and thermometer. The rudder position indicator,
altimeter, and stop watch were mounted on the manometer box and were photographed with
the pressure tubes. The recording air-speed meter and the recording statoscope were connected,
respectively, to a trailing
Pitot-static head and a trailing
static head (fig. 5). Both of
these heads were suspended
25feet below the carso as to be
outside of the disturbed flow
caused by the airship. The
recording statoscope consisted
of a recording air pressure cap-
sule, & vacuum bottle, and- a
by-pass valve connected as
shown in Figure 8. = The yaw
indicator consisted of a pro-
tractor mounted on the side of
the car. By sighting on the
trailing Pitot-static head, the
angle of yaw at the car was
read on the scale. The rudder
position indicator consisted of
a graduated disk, which was
connected to the rudder con-
trol cables. The thermometer
was attached to the outside
of the car so as to obtain the air temperature for computing the air density.

The position of the control surfaces was indicated to the pilot by two telautograph instru-
ments, which measure the angles between the stabilizers and movable surfaces and then
electncally communicate the readings to an indicator

j in the cockpit.
To crfmosphere

'l.| L Method of tests—DBefore the flight tests were made
L HELEET R EELE b ) all the connecting tubes were tested for leaks and stop-
”““ N et pages. This was accomplished by blowing through
UL P A the tubes from the orifice end of the line. A manom-

ARRIRA DeEed kB A AR ot B
"”""“[— i ""c"g"i indicator was calibrated and the zero reading of the
Relative static e True sfalic yaw protractor noted for an angle of zero yaw relative
reservoir 'mermos\ﬁ & to the longitudinal axis of the car.

F10. 7.—~Manometer and camers as set up on the ship

and compared. The same procedure was carried out
at the completion of the set of tests and any lines
which indicated leaks were discarded. The helm angle

eter at this end and the reading indicated on the
boffle
Before each flight the pilot was supphed with a list

multiple manometer were observed at the same time
of the conditions desired and the camera and recording

Aispeed instruments were loaded. Two observers were required
~ and their first operation was to lower the two trailing
Stafoscope
_<>_-D bombs. Both observers then gave their attention
Pitot static head Static head to the pilot and awaited his signal that the ‘desired

¥10. §.—Diagrem of manometer and /nstrument connecticrs  condition had been reached. For steady flight con-
ditions simultaneous records.of all the instruments were made on receipt of this signal. In
changing flight conditions two records were obtained, the first immediately after the move-
ment- of the. controls and the second as soon after that as possible. With the camera used
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the interval between pictures was three seconds. In the reversal condition four photographs
were gbtained in the above manner. The readings of the helm angle and revolutions per
minute were recorded by the pilot.

The maneuvers in which pressures were recorded are tabulated in Table I, which is self-
explanatory with the exception of the “light” conditions (runs 22 to 25, mcluswe) To obtain
these flights while statically light, the airship was brought to equilibrium at a definite altitude
and 500 pounds of ballast released. In this condition & horizontal flight was made, main-
taining & constant altitude by aid of the elevators (runs 22 and 23) and also a flight with the
airship on an even keel but rising due to excess lift (runs 24 and 25).

Reduction and presentation of data.—The data were all obtained from photogr&ph.m records,
except the angle of yaw, temperature, and revolutions per minute, which were tabulated from
indicated readings. To facilitate reading of the manometer records, the negatives were placed
. in a projection lantern and the enlarged image thrown on a screen. The magnification was so
chosen that the head of alecohol could be scaled off directly in pounds per square foot. A wire
over the screen was shifted so as to run through the images of the menisci of the three tubes,
which were connected to the air reservoir in the cockpit. This gave the angle of roll of the
ship and a base line to work from. A second wire was shifted into parallelism with the first
and passed through the image of the meniscus in the tube connected to the trailing static head.
The height of liquid in the various tubes above the latter wire gave du'ectly the pressures rela-
tive to the true static condition outside of the disturbed fow.

The rate of change of static pressure, as recorded by the statoscope, was converted into
rate of change of altitude by the use of the atmospheric tables. This rate of change of altitude
divided by the air speed along the line of flight, gave the sine of the angle of inclination of the
flight path. By subtracting this angle of inclination from the angle of inclination of the car
as recorded by the inclinometer, the angle of pitch was obtained.

The maneuvers in which the pressures were investigated are given in Table I, while the
conditions under which each maneuver was made is tabulated in Tables IT and V. Due
to flight difficulties the desired rudder and elevator angles given in Table I were not always
obtained. The actual angles measured in flight are given in Tables ITand V. The pressures
over the tail surfaces are given in Table ITI, while those over the envelope are in Table VI.
The resultant forces on the tail surfaces are given in Table IV and those on the envelop_e in
Table VII.

In Table IV the resultant normal forces have been expressed in the coefficient form

Cop P
12 0 24

where Cyr=absolute normal force coefficient.
P=load.
A =area of surface.
p=air density.
V=true air speed.

The pressures over the tail surfaces were plotted for all runs along each row of holes at
right angles to the longitudinal axis of the airship, as shown in Figures 9, 10, 11, 12, 13, 14, 15,
and 16. As may be noted in these figures, at each row a curve was drawn of the pressures on
each side of the surface and the resultant pressure curve for the row determined from the algebraic
sum of these. The areas under these latter curves were measured and used as ordinates in drawing
a resultant load curve for each surface. The center of area under each load curve was deter-

mined, and with the distance from that point to the center of buoysncy as an arm, the tail.

surface moment was computed. In all cases a positive load was considered to be acting from
bottom to top on the horizontal surfaces and from starboard to port on the vertical surfaces.

- To present the distribution of pressure over the hull, the values were plotted upon longi-
tudinal cross sections of the envelope as shown in Figures 17, 19, 21, and 23, and also upon
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circular cross sections at each station as in Figures 18, 20, 22, and 24. The resultant vertical
and horizontal transverse forces at each station wera obtained by numerical integration of the
pressures around the envelope. These forces were plotted along the axis of the hull, giving one
curve of horizontal forces and one of vertical forces. “To these were added the horizontal and
vertical loads upon the tail surfaces, thereby giving the total aerodynamic forces acting hori-
zontally and vertically along the axis of the ship. These combined curves were drawn for each
maneuver in the same manner as shown in Figures 25a, 25b, 26a, 26b, 27a, 27b, 28a, and 28b.

PRECISION

Experiments made by the National Advisory Committee on an airplane wing during the
summer of 1921 and tests made in the United States Navy’s Aerodynamicel Laboratory showed
that the type of pressure pads, Figure 1, used in this investigation gave the same reading of

static pressure as a single hole orifice just flush with the surface. More recent experiments .

made in the National Advisory Committee wind tunnel to find the effect of the position of the
connecting nipple showed that there was no change in pressure by moving the pad arcund
from a position with the nipple directly aft to an angle of 90° to the air flow.

Tail surfaces.—The inertia effects in the pressure tubes were eliminated in these tests since
only pressure differences, as measured through tubes of the same length and running side by
side were used. The manometer was mounted close to the center of gravity of the airship
and the vertical accelerations affecting the heightof the liquid columns were neglected. The
individual pressures are probably accurate to 0.10 Ib./sq. ft. The accuracy of the figures given
for the total forces is limited by the number of points investigated, because a curve was drawn
connecting the individual pressures and the total forces were obtained by integrating the area
under this curve. For this reason the total forces on the tail surfaces can not be assumed to
be correct to better than +5 Ib., because the changes in pressure between points were great.

Envelope.—The precision of results on the tail surfaces can not be applied to the pressures
or total transverse forces on the envelope. The pressures over the envelope were of small
magnitude and the distance between points of investigation was large. So that with the diffi-
culty of measuring the small pressures and because of the fact that they were considered as
acting over large areas, great errors might enter into the computation of the total forces.

It should be noted that the angles of pitch and yaw were measured relative to the car, and
if applied to the envelope may be in slight error because of the flexibility of the suspension sys-
tem. There was some difficulty experienced in measuring the angle of yaw because of the
swinging of the suspended Pitot=static head on which sightings were taken. However, the
readings obtained for steady conditions were correct to the nearest 0.2°. For nonsteady con-

ditions the error may have been slightly greater, because it was difficult to observe the angle

at exactly the same instant that the records were made. In determining the angle of flight
path from the slope of the statoscope record and the air speed, the assumption was made that
there were no vertical air currents or gusts, which was probably the case in all runs, except
where the effects of a gust were desired, since the other tests were made over the water.

DISCUSSION OF RESULTS

The discussion of the results of this investigation is confined to a consideration of the
actual pressures and total forces encountered in the different maneuvers. While all of the
conditions enumerated in Table I were investigated, only those of each maneuver showing
the greatest forces are tabulated here. However, the pressures encountered in all of the runs
have been tabulated and these data are available at the National Advisory Comm1ttee for
Aeronsgutics for reference.

Tail surfaces.—The results of the pressure chstnbutlon tests on the tail surfaces are given
in Tables II, III, and IV, in which are tabulated the data recorded in flight, the pressures at
each orifice, and the total resulting forces on the tail surfaces, respectively. It will be noted
in the latter table that in circling flight the loads have been divided into the load on the fin
and load on the movable surface only for bottom fin and rudder, and, conversely, in climbing
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and descending flight only the horizontal surfaces have been so divided. Graphical presenta-
tion of the tail surface data for four runs is shown in Figures 9, 10, 11, 12, 13, 14, 15, and 186,
which are representative of the manner in which all of the pressures were plotted for the
determination of the resultant normal forces.

From the pressures at each orifice as tabulated in Table IIT the resultant force at each
station may be obtained by the algebraic sum of the pressures on each side of each station.
Local loads thus determined show that the largest value recorded for a horizontal surface was
5.7 Ib./sq. ft. on the port elevator while flying through a gust. This value exceeded the largest
pressure caused by any specific maneuver, which was 5.2 1b./sq. ft. near the leading edge of
the starboard fin encountered during a steady descent at 46 M. P. H. Much larger values than
these were recorded for the vertical surfaces where the peak pressures ranged from 5 to 71b./sq.
ft. with & maximum of 7.3 Ib:/sq. ft. on the top fin during a steady circle at 35 M. P. H. (fig. 11).
The largest local pressures were usually found at the leading edge of the fins close to the envelope
and on the balancing portion of the rudder and elevators.

Examination of the results in Table IV shows that the greatest resultant forces were
experienced on the vertical surfaces. This was to be expected, because more violent maneuvers
were made in the horizontal plane than in the vertical. However, the loads recorded for the
horizontal surfaces were much greater than those which would be experienced in normal flight,
because the tests were made as severe as possible, without increasing the gas pressure in the
envelope to a point where the fabric might fail. The greatest total normal force experienced
on a complete tail surface was 352 pounds on the bottom fin and rudder in run 27-b, a reversal.
Expressed in the coefficient form this becomes 0.316, which is also the largest Cs»r obtained
for a complete tail unit. In comparison with these the maximum normal force on a complete
horizontal tail surface was 181 pounds with a maximum Csr of 0.162. As would be expected,
the same relation is true for the fixed surfaces where the largest force is found on the top fin,
311 pounds, or Cxr 0.554, while the largest on a horizontal fin was 200 pounds, or Crr 0.210.
Comparatively large forces were encountered on the rudder. A total force of 250 pounds was
obtained in run 9-b and normal force coefficients of 0.550 to 0.570 were found on three different
occasions. The maximum Oyr encountered on a complete tail unit, 0.316, is less than the
value generally used in airship tail surface design, indicating that they are on the safe side.

Large horizontal moments of forces on the tail surfaces about the center of buoyancy were
expected as a result of reversing the rudder from 24° port to 18° starboard and were found in
the first and second records of the maneuver. In the case of the second, the value reached was
85,100 Ib. ft. (Teble VIII). The resultant force causing this moment was the largest found
during the tests, 352 pounds on the lower fin and rudder and 180 pounds on the top fin, Figure 9.

The gust, which was encountered in run No. 28, apparently came from directly below and
the pressures recorded are not those caused by the bump but those due to restoration of the
ship to an attitude of normal flight. With the apparatus then available it was impossible to
record the full effect of 2« bump because it was necessary to wait until the gust was felt and then
make the record. However, the resultant forces 181 and 152 pounds and the normal force
coefficients, 0.162 and 0.136 encountered on the port fin and elevator and starboard fin and ele-
vator respectively, were the largest found on the horizontal surfaces. These forces, together
with the observations made at the time of the test, indicate that there is a very great probability
that the loads imposed by a bump or gust exceed those obtained in any maneuver.

One of the chief difficulties in these tests was caused by the inability, with the apparatus
used, to obtain continuous records of the pressures and the subsequent doubt in regard to the
maximum pressures. This limitation is brought out rather forcibly by the above discussion of
the bump and is met with in many of the unsteady maneuvers as in the start of a turn. In the
latter, runs 9—a and 9-b, it is evident from an inspection of the results in Table IV that the first
run, 9-a, was made before the airship had started to turn and possibly before the rudder had
moved an appreciable amount because the forces on both the vertical fin and the rudder were
small. However, the second run, 9-b, shows greatly increased forces and indicates that the
airship was turning. Because of the three seconds interval between records it is impossible to



3386 REPORT NATIONAL ADVISORY COMMIITEE FOR AERONAUTICS

say exactly when the maximum forces were encountered and whether or not the forces obtained
were the actual maximum forces. This, of course, would be eliminated by continuous records.

A further anelysis of the results in Table IV shows a peculiar, condition in that theload on the
tail surfaces was not equally divided between the port and starboard surfaces, or the top and
bottom surfaces. An example of this is run 21, where the starboard surfaces have & down load
of 73 pounds, while the port surfaces have 146 pounds. This same thing is noted to a greater
or less extentthroughout the whole series of tests and is only explainable by the possibility that
the pressures were obtained while the airship was rolling. It was observed during the flights
that most of the maneuvers were accompanied by a rolling motion of the airship.

Envelope.—The results of the pressure distribution tests on the envelope are given in Tables
V, VI, and VII, and a graphical presentation of the pressures for four runs, a reversal of controls
from 24° port to 18° starboard, a steady circle at 37.5 M. P. H. with 8° starboard rudder, start
of a circle at 41.5 M. P. H. with 44° starboard rudder, and a bump at 45 M. P. H. is given in
Figures 17 to 24, inclusive. These figures are representative of the manner in which all of the
daty were plotted

The curve of the pressure dlstmbutlon over tha.envelope did not change greatly with the
different maneuvers. The values of pressure were positive in all cases from the nose back
about 7 per cent of the length of the airship, where they became negative and remained so along
the hull to a region about 10 per cent of the airship’s length from the tail. Here again the
pressure became positive and continued so to the end of the airship. This is about the same
general pressure distribution that-was obtained on a model of the (-2 at 0° yaw in the wind
tunnel at the Bureau of Standards. The only radical departure from this general distribution
was found in run No. 5 in the region close to the nose. In this region the values changed sign
several times and as the photographic record was poor, making it difficult to read the values,
these data are considered doubtful.

When the envelope results are considered for. the purpose of detenmnmg the total aero-
dynamic loading of the airship they are found to be very unsatisfactory. There are several
causes which contribute to the inaccuracy of the envelope results, the chief of these being the
relatively small number of points investigated on such a large area as that of the envelope.
This, of course, causes each orifice to be considered as representative of the pressure over a
considerable area and magnifies the inherent errors of such an investigation which are imposed
by the irregularities of the envelope and the interference of wires, pads, tubing, and nose battens
that undoubtedly produces disturbances at some of the orifices. This could only be eliminated
by a much greater number of orifices which would probably run into prohibitive weight and
resistance.

That the aerodynamic forces as measured are Dot representative of the forces encountered
is shown in Figures 29 and 30 in which the transverse forces as measured in Runs 4 and 1 are
plotted, together with the theoretical forces for the same runs as computed according to Munk’s
formula (Reference 3):

dF—ch[(l, Icl)d szn2¢+7c’V S cos qa+fc’T7‘p a—cos :I

where k%, = difference of transverse and longitudinal apparent mass coefficients.
S = cross sectional area
¢ = angle of yaw. _
k' = inertia coefficient *
r = radius of turn
z = distance to the areodynamic center. .

Nore.—The radius of turn, r, was"computed from the time for a complete turn as clocked by a stop wateh,
and the air speed. This value was checked by using the equation given in the British Advmory Comnntt.ee
Report No. 749,

rsin e = 0.9]

where [ is the distance from the.center of pz;élsuré on the fins to the ¢. g. of the airship.
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The computed forces as plotted in Figures 29 and 30 are not expected to agree exactly
with those measured because motion in & perfect fluid was assumed for the computations, but
no great descrepancies as are shown could exist and this is a further indication of the unreli-
ability of the aerodynamic loading obtained on the envelope.
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CONCLUSIONS

Since the results are scattered throughout such extensive tables, it is thought advisable in
conclusion to again summarize some of the more important of them, as follows:

(1) The maximum total load on a complete tail surface was 352 pounds, occurring on the
bottom fin and rudder (fig. 9), during a reversal at 40.5 M. P. H., when the rudder was
moved from 24° port to 18° starboard. The corresponding normal force coefficient, C'xr was
0.316. :

(2) The maximum total load on a fixed surface was found to be 311 pounds, and occurred
on the top fin (fig. 11) during a steady circle at 35 M. P. H. with the rudder 44° to star-
board. This resulted in a normal force coefficient; Crr=0.554.

(8) The maximum total load on a movable surface was 250 pounds, and occurred on the
rudder (fig. 13) at the start of a turn at 45 M. P. H. with the rudder 44° to starboard. The
average pressure over the surface in this case was 2.9 lb./sq. ft. or Cyr=0.565, and was the
lergest encountered on any surface during sny maneuver.

(4) Large local pressures, ranging from 3 to 7 Ib./sq. ft., were encountered, usually on the
leading edge of the top fin close to the envelope and on the balancing portion of the rudder
and elevators. The largest pressure of this kind was 7.3 Ib./sq. ft. on the top fin during &
steady circle at an air speed of 45 M. P. H. with the rudder 44° to starboard. '

(5) The meximum moment of the tail surface loads about the center of buoyancy was
37,200 Ib. ft. and occurred in a steady circle at 35 M. P. H. with the rudder 44° to starboard.

(6) The loads on the envelope were relatively small, the maximum loads ranging from 16
to 18 pounds per running foot along the axis of the ship.

(7) Due to the large areas and small pressures encountered, any irregularity in the hull or
slight error in the reading of the pressures would cause & large error in the load per running foot
on the envelope. This fact tends to make a complete investigation of the envelope pressures
for the purpose of finding aerodynamic forces impracticable, because it is obvious that sufficient
points to eliminate this difficulty could not be taken without running into excessive weight and
resistance. It is felt, therefore, that the results of the tests on the envelope while showing the
general distribution of pressure sufficiently well are practically useless in the determination of
total aerodynamic forces on the airship.
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(8) Although the pressures actually measured in a bump (figs. 15, 16, 23, 24, 27a, and 27b)
were of the same general magnitude as in the other conditions it—is felt that the pressures
set up by a bump are larger than those obtained in maneuvering.

In general, the tests on the tail surfaces produced valuable data covering the loads and
coefficients encountered in flight which confirm the theoretical values used in design.

The investigation of the pressures on the hull, while producing some interesting informa-
tion relative to general distribution of the pressures, was unsatisfactory for the purpose of
finding the aerodynamic loading on the sirship. It would seem that such an investigation is
unlikely to-produce any results of particular value unless p0531b1y on a rigid ship where the
resistance of the necessary tubing would be avoided by securing it inside of the envelope. Even
with a rigid ship it is felt that such an investigation is impracticable because of the great number
of points that it is necessary to investigate and the expense, bulk, and weight of the apparatus
required.

For further tests of this nature a pressure recorder gmng continuous records is recommended.
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TABLE I .
LIST OF MANEUVERS INVESTIGATED FOR PRESSURE DISTRIBUTION .

Elevator | Elevator
Run Rudder angle Run Rudder ]
No. Maneuver . R. .M. G o) P | No. Alanenver R.P. M. (deg'regfl (d:ngle )
. \
1 | Horlzontal fiight. _....__...{ 1,250 15 | Btart climb, 1,000 19 U.
2 ¥ circle-eemmmmmmeeeeej 1,000 |8R. ... - 16 do..... 1,250 20,
8 Jomee- - —f L000 [44 R 17 m——e 1,250 19U,
4 do. L2500 !8R._...___| 18 | SBteady descent 1,000 11 D.
5 0. L350 |4 R 19 do. 1,000 18D.
f | Start circle.-..... e 1,000 |8R 20 do i 1,250 11D,
7 do__ LO0D [44 R o do 1,250 8D,
8 do L250 |8R 22 | Horizontal flight light 1,000
] o 1,250 |4 R 2 do. 1,250 6D.
10 | Steady elimb_ . ________ 4 L000 12T. 24 | Risinglight._. 1,000
u |L....da 1,000 190. 25 [ do__ 1,250
13 do . 1,250 1nu. . 26 |Reversai-ecaeo ... | 3,000 |24 L. tc18R__
13 | __..do. L 260 19U, b/ S |, E -} L2500 [#HL.to18R_|
4 [Btartelimb. o ... 1,000 13U, 2 ump 1,250
’ .
TABLE 11 .
PRESSURE DIETRIBUTION TESTS ON TAIL SURFACES T
[Table of Data]
Run Run Run Bun Run R Bun Run - Run
No. 1 No.2 No. 4 Na. 5 No.fa | No.%b | No.12 | No.17a | No. I7b
Wind direction. ... 8E. gE. SE.| WNW.| WNW.|[ WNW. 8E. BE. 8E.
Wind velocity (M. P.H.) 18 13 13 4 4 4 13 [ 9
Atr In balloonets (eu. £ty . __________ | 3,500 8,500 4, 000 1, 000 1,500 L 800 4, 500 2,000 gm -
Static condition (b, Hght) e oo ... ] 30 30 | Equilib. 50 | Equilib.| Equillb.| Equilib.| Equilib.| Equnilib. =
R. P. M. starhoard 1,250 1,000 1,250 1,250 1,250 1,250 1,250 S
R.P.M.port.... 1,250 1,000 1,250 1,260 1,250 1, 250 }3425—0 250 h‘m .
Cas gressura (inches of water) emenmenmmemana| 154 £ 14 Iéi 156 54 2 -2 2
Rudder angle (degrees) 0 5R. 5 R. 18 R. I8 R. 18 R. 0 0 —
Elevator angle (degrees) 1] 0 1) 0 ] 0 12 1. 137T. BU.
Alr speed (kmots). 45. 5 13 41 35 45 45 30.5 45
Compass course (defreu) 130 | Varfous.| Various.| Varlous.: Varlouns.| Varfons. 135
Inclination (degrees X 0 0 —10 =10 0 0 137, 0
tric (at fer) e e omnensd] 20.92 20.94 20.90 20.73 2.7 2.71 29.95 29.86 20.81 -
Tem C P 48 48 43 46 i -
Alr LY. o-mn 0.00242 | 0.00243 [ 0.00248 | 0.00243 | 0.00241 | 0.00241 | 0.00243 | 0.00280 | 0.00240
Corrected rondder angle (degrees) ...} ¢ SR.- 336 4R, 4R H“HR. i
Carrected eleva a&i[e (deg:ea&q_ ......... 0 0 0 0 191, 19 U. 19 U, Sl
Carrected air .P. H.) (N. A. C. A. o
recording Instromens) oo eeeeeee — 47.0 36.5 4.0 35 45.5 45. 5 42.0 43.0 44.5 i
Angle of yaw (degrees) 29 B, 58 R. T4 R. 60 R. 45R. R. 2.1 L. LaR. LER. e
Fore and aft Inclination (degrees) -52 424 —-3.2 —L4 —3.6 —4.2 +10.2 0.6 +16.0 .
Inclination of flight —L4 +2.6 00 +L7 ® a +7.8 2.2 +7.2 i
Angle of pitch (degrees) —3.8 —.2 ~3.2 -31 —3.6 —4.2 +2.4 —L6 —L3 ot
Time of complete turn (minotes) 2.52 L03 L1 . - ary
Bun | Ron | Run | Ran BRun | Run | Run R e
No.21 | No.23 | No.25 | No.27a | No.27b | No. 27¢ | No. 27d No. 28 e
e —
Wind direetion. WNW. Ww. W. WNW.] WNW.] WNW.| WNW.| WNW. Bl
Wind velocity (M. P.H.)_._. 4 8 8 4 4 4 4 4 .
Alr In balloonets (cu. ft.) 1, 500 1,000 1, 000 1, 500 1,500 | . 1,500 1, 500 1, 500 .
Static condition (ib. light) Equilib. 525 525 | Equilib,| Equilib.| Equilib.| Eqnilib.| Egqunilfb. .
R. P. M. starboard 1,260 1, 250 1,250 1,250 1,250 1,250 1,250 1,250 -
R.P.M.port..__.. 250 1,250 ’t%(} 1,250 1,250 1,250 1,250 250
Qas gﬁmm (inches of water) . B 13 | 136-1% 1 1% 134 13€ 14-2
Rudder angls (degrees). 0 ") 0 |10L.~10R..10L..~10R.j10L.~I0R.}10L.-10R.] 3L.-8R.
Elevator angls (degrees) 12D. 4D, (] 1] 0 4] 0 3D.
Alr speed (knots) 41 42 44 38 8 a8 38
Compass course (de; ) 230 250 270 | Varlous.| Varfous.| Various.| Varlous. 220
Inclination (degrees 17 D. gD, 1 1 1 1110 D4 U.
Barometric pressure (at manometer} .. .oocoaeoe oo | 29078 20.78 9. 78 24.70 20.70 29.70 29.70 29.83
Temperature (° £.) 45 40 49 46 48 46 45
Afr density. D00243 | 0.00241 | 000241 0.00242 ! Q.00242 | 0.00242 | G 00242 0 00244
Corrected rudder angle (degrees) ____ . ______________ _— 0 0 0 24T ~18R.1241..~18R..|24 L.~ 18R 241~ 18R .54 L.-13R.
Correctad elevator analz (desﬁew) ..................... 18D. 6D. 2] )] 0 of- 1] 4D.
Corrected alr speed - P.H.) (N.A.C.
instrument) . 48 43 47 40.0 |- 40.5 415 42 42. 5
Angle of yaw (degrees)... L5R. 18L. 23 R. tTR.| O-TR. 0-7R. [1 59 5 1) I
Fors and aft Inclination (degrees) oo oo -850 —3.2 -2.3 —0.2 —-16 —3.2 —4. 4 —58
Inclination of t path (degrees) . _____ ———) —3.3 0 +22 +2.45 1] © 0 (1} —3.9
Angle of pitch ( Yo -L7 —3.2 —4.4 —2.65 —Lé —2.2 -6 31 .
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TABLE III—Continued
PRESSURE DISTRIBUTION ON THE TAIL S8URFACEf—Continued

[Pressures lb.faq. ft.]

No.
fa

No.
]

No.
4

No.
]
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rudder, 8% sq. ft.

. = Alr density.
'w=Truse alr speed.

TABLE IV
LOADS ON TAIL S8URFACES
Top fin Bottom fin and rudder
Maxdmum Total Load on Load on Maximum
Run . Iocal load cad fin rudder ITocal load
No. Condition . N
P,
H. Lb. Lh.
Owr | 57| Sta. | Lb. | Cur [Lb.| Cwr | Lb.| Cwr | 5% | Sta
it. ) ft.
1 | Horlzontal fifght____._____| 47.0 241 —&5—0.004 - 1 —37—0.055)+1L 3 1
2 Steagy cirele. ﬁg'r % —23 - —189{ —.316] — —.%:g. 2&
C. - - — & — -
5 do 35.0, 1 Eo 100 —e0 108 1ol 450188 SESD
ge | Start circls 455, 4B-4C im +. xggﬂ L 110 F118[ . 59 5D-3E
9D |.-....do 455 1 +.1600 +13] +.014;*+250] +-. 5D
Steady climb 420 4B-4C| 36 . 031 —1. 6 GA.
17a | Btart climb 48 0 4B: —17) —. 010 b—a, 1
17b mﬂ 3A| —7% 054 11 5D
Elonizantel Sight Giin] & S Rt T o5
Rising fiight Qight gh-- 47.3{ 5B| I% 18 =013 41§ roaB—13  6A
278 | Reversal expos 40, 1] + :t T+114 . 155 inl +. 8D
27b | Reversal second ex, | 40. 1p* +.31é+169 . 214 + 6E
27¢ | Reversal third -] 4L 1 +ﬁ I 407} + -+143{ - 888{+5. 9] 5D-6E
27d | Reversal fourth exposure.| 42 1 . —04f —, - 6B
28 | BUmP e aceme e ] | 425 24718 R 1 —nzl —.ov6l —34f —. —58F —. 151.‘—2 5D
' - Part fin and elevator Starbosrd fln and efevator
Load on Maximum Load on Loadon | M
Runl elevatar Tocal loed Tota lload fin elevator Iocal 1oad
No. Condition :
Lb. Lb. |
Cur Cur | D7 | Bte. | Lb.| Cur [Lb.| Cxr | Lb. | Cwr | 2o | Bta.
ft. ft. |
- i
1 | Horizontal flight .| —0. —31}—0. 032 —(, 148 —2 1| 6B —Q. 07 —0. ~100—0. +20 8Q
R Rt — +_%§f +34 +.057] —.033 +L 1 1] —.ﬁ i - | —.% —Lﬁ 5D
4 do. 1030 41| 8L 055 0 +L ]T +. 4+3.0, 8D
5 do. +3¢] +.05 +L I —. 010, +L.3 8D
fy [ S e~ =t g4 B H-a ~4 i
0. —_ —_ —
13 | § eimb_________ ——] . 064] -1 . —. 131 I +. -+ +.158; —300 —.115 3.3 I
fy | sisien oo IR R T E om0 T Ton e bey Rl e
0. L . . . . .
g1 | Bteady descent.. .. — g ¢4 e+ g g by 1| gt (8 R B 25g 1
e e e N EEEE
27a Reversalm%mex - - -1 2B-2C - iy y —z3 2D
27b | Reversal second exposure... —.ﬂ ~L 1 +. 005 +21 8B
2c versal third exposare... —.07 -1 1 +. 011 +13 8B
27d | Reversal fourth exposure. - +. 0400 L AC +. 047 +2.4 5D
28 Bl'.xmp —_ —87 —. 320*'—5. 5D‘ - laﬁl —114] —, ml —-39) —. 142 =3, ﬂt 5D
+Indicates load acting from bottom to top on horfzonta surfaces. P
+-Indicates load ac board topport on vertical surfaces. Onr=ic %
* Indicates tered. i Cxr=Absolute coefficient.
Areas: Fixed surfaces, 180 sq. ft. each; elevators, 60 sq. fi. each; p="Pressure per unit area.
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TABLE V
PRESSURE DISTRIBUTION TESTS ON ENVELOPE
Table of data
Run Run Run Run | R Run Run R un
No.1 No. 2 No. 4 No. 5 No.%s | No.9% | Neo.138 | No.17a | Ne. 1
.
Wingd direction. oo oo Variable. | Varisble. | Variable.| Variable.; ENE.| ENE. | Variable. ! Varigble.| Varlable.
Wind velocity (M. P. H.}. . 12 [ 6 12 9 9 12
Alr In balloonets (eu, ft.). None Nons. Nons. None I ,fh?g(’ 2 gfn N None None.
Statle condition (b, light} 75 25 | Bquilib. 75 | Eg . | Equilib.| Equilib 75 75
R. P M starboard 1,260 1, 000 q1.25() 1, 250 1,250 1, 350 1,250 1, 250 1,250
Gas prossny (acha Mhel D VBl BR| M| M| wedi| O] B
resure ches -
Rudger angle (deg'rees)--- - }8 5% 5 R, 18 R. 18 ﬁ‘ 18 é‘ 1] 0 [}
Elevator angle (degrees) ... (1] 0 [+] 0 0 127, 12T 127.
Afr speed (knots). oo ocoeoacoaoaoooe 45 33 35 45 39 45 45
Compass course (de T Varfoua,! Varlous. 25 210 210
Inclination (degrees) .o cececar—aax 125 U, 13 0. BU.
Barometric pressare (at manometer} 30.15 30.15 30.16 20.91 20.82
ture (°F.)..-- 73 73 kid 04 a4
Ajr density... 000%S | 000233 | QOORSI| QOO235( @
Qarrected rudder angle (degrees) ... ._.—... 0 . 4 RB. 4R, 4] 0 Q
Corrected elevator angle ;degees RS [ Q 1} a [} WU 19T, 19T.
QCorrected air sgeed (M ’
recording Instrum 0 85.0 87.5 2.5 41§ 42.0 40.0 45.0 45
Angle of yaw (degrees 6 R. 5R. 86 R 78 R. 78 R. 20L 25 R, 45 R.
Fore and aft Inclipation (degress). ~8.4 +L2 L1 —-0.2 +10. 5 =50 8.0
I.nclinn!.lon ot ﬂ ht path (degrees; —2.8 —-0.7 —2.8 0.5 +0. 5 i& 0 % 3 2.3
Angle of plic] efrees —2.6 B R Y3 - .6 ~0.7 26 2.7 27
Time of compIete (minutes)... 2.32 142 |- 1,22 R
Run Run un ! Rum | Run Run un, Ran
Neo.21 | No.28 0. 26 i No. 2% | No.2b | No.27c | No.2/d| Ne.28
.-...S_
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PRESSURE DISTRIBUTION ON THE ENVELOPE

Pressure 1b.fsq. ft.
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TaBrLe VI—Continued
PRESSURE DISTRIBUTION ON THE ENVELOPE—Continued

Pressure 1b./sq. ft,

No.
2

8852282328898 2RSRRBE VEIREINRRIINZZBIRARS SSICREBITRRRATIRISI2 L3288 w

AL e IR e Al O S O A 0 o O O RS o o A S (O G ARy (N ey, _+__

No.
27d

No.
27c

D A i R A A
mwﬂwmﬁm.w.w.w.ﬂmq”mwﬂ wmw.mﬂmwﬂ.mﬂw%ﬁ.ggm@ .mum,www.w,wwmmwﬁl
..m______ﬂ___________.. ._.____._________ FreTrerrrS ey

No.
P1g)

No.
7a

No.
-3

No.
21

I ___ OO
___.___ ___++_.__++++____ I O A I O O

__L_L__
wﬁmJﬁW

Run | Run ( Bun | Run { Ron | Run | Run | Ron | Run | Run { Run | Run
0.
23

Mm .ﬂ .m. .m_dm: ........... ....._._._.___._._.._u_._._._.._n._n_.ﬂ_.._.. __.._._++ _._nL.*n
e | SRRES 7mwwmmawmmm mwmm.wmsmmmwmwMMwmwmwawwwmw&ommMﬁmwmwmwmwumﬁmux
g5 | FroYy [ Lo BEEE B 5 5 T S A )
s | SSCESBRERESRNEEERISAIRREAA] e e RV R RN SNSRI ANE
Za ﬂﬁ__ﬁ_Lﬂﬂ__ﬁﬁLm_ﬁﬁ __ﬁ__ i ____ RSN RE RN RS R N A NI E SN

; EEEEEE]

-F-]

28 | 3177
unm BSOS
g8 | gt
96w | ¥ ﬂ.m L EER R L e e R A L L R L L e A LR L e L L L R L EE L EE L
g&T | g mﬁﬁﬁﬁmﬁﬁﬁ=+<d____+_______++______ ______________4+__ F+rrid
Bs. | ees s R R R AR R AN S NGNS B S5 N SRS IR SRR e S RRINGA
ma™ 4__ﬁ_mﬂﬁﬁ___ﬁﬂ_*__++__+_+++%.+++++++=_++++___;+;+++ rr +L+_+ g
B P R EEE R L T E R PR E R ] EEETSS
=E u__._._._._._._._._.__._._._._._._.__._._________.____ i
a5 77mwmwwwwmmmlmmmmwmmmwwwmmmmmwwwwmm. P RRNABE AR S
[ R I T T T e e i A A L AR AR I AR A e PR
Az a____L____________+________P_____________________________ __4_______
B | RORMMOR<AOARE SR 4RO ARSN SR 4R0ARMS I 4ROARMOR oAk Sk TROARMOI 158 S AR EEH
DI o C:] © = | T w~ =3 &5
854 | 2 -od g4 g 2 8 g 8
AR
[P ~ ] ™~ L] =] -3 ] )
85 | B ¥ d 3 g g & g
Al

! ' i ! : ] i i
£s | | m m ; : m m m
2% | ] ® = g -2 B B




347

PRESSURE DISTRIBUTION ON THE O-7 AIRSHIP

TasLe VI—Continued
PRESSURE DISTRIBUTION ON THE ENVELOPE—Continned

Pressurs 1b./eq. ft.

TN A FHL S B LA SRR RN DRV IR SO

AR RN R R SRR BRE 8] 88 18R N g e NS 8g e BN 893 2 IR URR RRRRRARARRRRRANRS
FAETF VTR TFTFT OO0 TP S 11 bbb g g gl gl iilldal i g i
lwﬂmmmmwwumnmmmwmmwwwmﬂﬂwwwﬁm:iwmmmwﬂwmuwmmmmwmmmww&ﬂWﬂﬁﬁMﬂW&ﬂﬂMﬂﬁﬂﬂMﬂ

EEEEERELEELEELEELELE] 3B R S B R R IR AR RASRRANBRRE TN wamvﬂm.wﬂﬁmnw.._ﬁ.mﬁu.
w_ _____++__+______ _____++_+.+++___++++++++++++++++++++++++++++++++H
SRR LR B R R B LR L L LR LR LR R R R R R E T
L BRI N o PEE T T IET +++...++++++++++£+++++++++++++++++++++H

R R S R N S e e e S N A e T Y S W TS awEaTREaTgREnEe
I I T L 0 0 AR LR L i g Sy bt o

B R R N SR R g YR PR R € SR Ry S ERE R EER RN EH g e R s
LI I I S I B o o B B o e o B S LIV o il AN L s U

R R Y N N R R R R R N R g e R M R e R e 2RI Y TR RRE e evae Y
4___ ____________________L____LL____.+___ﬁﬁﬁ+++++++_++++++++++++++++H

............ 2 P hEgRe ﬂﬂﬂ

a+ __________+__+ ______ | +++.L..+++++++++++++++L++++1L1LLLLL+

4+__+_L+ﬁﬁﬁﬁﬂ+ﬁﬁ+ﬁ___ﬂ Aqﬂ +__ﬁﬂﬂﬁ_ ++_____++££++.=£h ++++a++h+£+££ﬂ
Y R Y N R R S S ER e AR (e B S SRS SN S SR RREE N RN IR RSRARER
S04 _+ ﬁ£+_+_+£ﬂ_+=___£ﬂ++f+a++__++++++++++++++++++++Hﬂﬂﬂﬂﬂ++ﬂﬂﬂﬂﬂ

EEEEERE PRI EE

AABoonmerGHmhnchmErGGHmbnmmnmmrmmnABODEFGHABGDEFGHABGDEEGHABQDEFGH
D G £ e @ - S &
98 | & % A < o g “
De
e 3 ™~ N ~ bw TN "
5. | @ g g i g g -
Bs
q : i ! i ! T i
£¢ | m ; : ¥ : : g
24 | @ d g g 2 o i Z




2 N onaamoonoacaErs | | SBogonsnanessasss
TRt R § £F TETT+1IT1 71
'3s3anazassmioseey | | ssassassasassisas
PET IR R TR | TR e
NEXNRAGIRSI2WYRES ! I22BR=IIBIRLBVILS
TR | TR T T

1 : +
NESAVRVRRRLALR2NL] | | RIZISSRI]LLRLSASES
THIIEITITTI || e T Y
BITMESSNRERRRBSRS ...uonmumumuzmw SR
PRI ATTIET | T eIy
SSNAIRSALBREINERS mamumwmﬁwmummmmu
SIS | | | B e
FRASIFVEZAOBIYESY 8321RE3RATBRIRGS

)

o ‘ed 'l &LLZ&Q ..111 - 1&.&
R P el

-+
.mmn SREIIVEINANER MMIGMOM.mﬂ.IM m&%wu
[

HHTHTITT T TR IR
RS mwvmuu7wwm wmememmmmumwmma
1T _;a ER FPTFRIEPEIITEIg

TABLE VII

128
4.7

wmmnmwmum.;wna =

F Soi | Lo. " 1&&4. [ fSeled odedos HLLLL& _.r_u.._...:ﬂ_

8
o8

[
RRRIIBSRZHRRSIRERR
el

7T
%

L

retrt -+t i e o N
o RBoIZRINDIRBIRAS wwuewm&amumamm
pryin Hq.q.... P2+++&£L._.Lzz .m._u.. Soa _L_LL._.... +

YERTICAL LOAD IN LB. PER FT. OF LENGTE

PRESSURE DISTRIBUTION ON THE ENVELOPE
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HORIZONTAL LOAD IN LE. FER FT. OF LENGIH
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+ Indicates load acting from bottom to top for vertical loads.
+- Indicates load acting from starboard to port for horizontal loads.




349

o

¢3, | asaesess
rm.m 8 &m&&zsﬂn
Ay

g:0a| sy
Sige | e

Ruon No.

Ao
28

130.0

TR

ssaresEnanLTiay
RS AR A e A ppakd

TABLE VIII
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